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ABSTRACT 

Line  by  line  calculations  of  absorption  spectra  have  been  carried 
out  for  the  2.  0  and  the  2.  7  micron  bands  of  carbon  dioxide  and  for  the 
2.  7  micron  band  of  water  vapor.  The  parameters  for  these  calculations 
are  taken  from  published  listings  for  these  bands.  The  calculations  are 
compared  with  experimental  data  of  the  same  spectral  resolution,  this 
being  a  fraction  of  a  wave  number.  The  comparisons  show  the  line 
positions  to  be  in  good  agreement  with  the  experimental  data.  The  2.  0 
micron  bands  of  carbon  dioxide  differ  from  the  calculations  by  a  small 
amount,  therefore,  adjustment  of  parameters  is  required  for  the  experi¬ 
mental  and  calculated  values  to  agree  in  the  2.  7  micron  bands  of  carbon 
dioxide.  There  are  large  differences  between  calculated  and  experi¬ 
mental  spectra  in  the  2.  7  micron  band  of  water  vapor  throughout  much  of 
the  spectra. 
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1. 


INTRODUCTION 


The  analysis  of  infrared  absorption  spectra  requires  only  a  few 
parameters  for  each  of  the  lines  involved  in  the  spectra,  because  each 
and  1S  composed  of  so  many  lines  that  a  very  large  number  of  param- 
eters  are  requtred.  These  include  the  line  positions,  strengths  and 
half -widths.  In  the  case  of  atmosphere  absorption  spectra,  the  tem¬ 
perature  dependence  of  the  line  strengths  is  taken  easily  into  account 
by  the  use  of  the  energy  of  the  lower  state  involved  in  the  transition  and 

of  th  h  7  S,:':StlCal  n:eChan,CS  rela!i“s.  The  temperature  dependence 

mi  ht  h  '  t,'  7  iS  °f  USS  *an  the  line  strength 

g  e  described  as  almost  uninvestigated.  It  has  been  calculated  for 
ater  vapor  by  Benedict  and  Kaplan1  and  found  to  be  different  from  the 
pen  ence  usually  assumed  on  the  basis  of  the  Van  Vleck-Weisskopf1 
theory  of  line  shapes,  but  the  validity  of  model  upon  which  the  calcula 
Mons  are  based  has  been  questioned  by  Benedict  and  Herman.  ’  E^erf 
men ,a I  data  on  this  problem  is  essentially  nonexistent.  P 

rather  d®termination  of  the  Parameters  for  individual  lines  is  a 

b^  ause  „  ,h  HPr,°C'SS  °f  *he  over^aPPin6  of  other  line,  and 

because  of  the  distort, on  of  the  lines  due  to  the  finite  resolving  power 

e  spectrometer  used  ,n  observing  the  lines.  The  effects  of  *he 

reaioToTrti"  ^  rem°Ved  by  lntegrating  the  absorpt.on  over  a 
region  of  the  spectra,  thus  providing  information  about  many  lines 

rather  than  about  a  single  line.  Some  techniqua  involving  the  effective 

rss°uHpr„c;r,h  rriur  ■ ei,her  by  -,n* 

p  essurizing  the  absorbing  gas  to  increase  the  line  widths  and  thus 

finite^5'  V-  am°Unt  diSt°rtion  to  ,he  »««  absorption  spectra  by  the 
mite  resolving  power  of  the  spectrometer  is  usually  used  determi-e 

the  strengths  of  all  the  lines  ir  a  particular  absorption  regl  ,„7hc 

usual  case  this  region  can  be  pi  :ked  so  a,  to  involve  lines  primarily 

wi7„°a  V  T  V;bra"0n  S,ate-  Tha  theory  of  distribution  of  lines 
within  a  particular  transition  according  the  rotational  quantum  num- 

is  tnen  used  to  determine  the  strengths  of  individual  lines  The 
ot  bands  are  then  assigned  a  strength  on  the  basis  of  harmonic 

is  sumcYnTr6  f“ncti°ns-  This  is  necessary  because  their  absorption 
s  sufficiently  great  to  require  consideration,  but  too  small  relation 

It"  ne'ghb°ri"e  li"es  *>y  the  techniques  mentioned 


The  li-e  positions  are  the  most  readily  determined  of  the  absorp 
•■on  parameters  required.  The  stronger  lines  can  be  directly  measured' 
power  senes  in  terms  of  the  quantum  numt.rs  determined  to  assign 
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the  positions  of  weak  or  blended  lines.  Difficulties  may  be  encountered 
due  to  resonance  or  for  the  isotopic  states,  but  there  are  no  fundamental 
problems  involved,  although  the  fact  that  the  weaker  overlapped  states 
cannot  be  measured  to  as  high  a  degree  of  accuracy  as  the  more  promi¬ 
nent  states  results  in  a  tendency  for  these  states  to  not  be  reported. 

A  tabulation  of  the  lines  and  their  associated  parameters  has 
been  published  for  the  2.  0  micron  and  for  the  2.  7  micron  bands4  of  C02, 
and  for  the  2.  7  micron  bands  of  H>0.  5  Except  for  some  narrow  regions 
of  the  2.  7  micron  water  band6  no  comparison  between  these  absorption 
parameters  and  experimental  data  are  available.  In  order  to  establish 
the  decree  of  accuracy  which  can  be  expected  in  computed  spectra  using 
these  parameters,  spectra  have  been  calculated  at  paths  and  pressures 
corresponding  to  available  experimental  data  throughout  each  of  these 
bands.  It  should  be  possible  to  greatly  improve  the  knowledge  of  the  band 
parameters  by  comparisons  of  this  sort,  however  it  would  require 
spectra  at  several  paths  and  pressures.  The  difficulty  of  preparing  the 
experimental  data  in  a  form  suitable  for  input  to  the  computer  has 
resulted  in  the  present  comparisons  not  being  used  to  improve  the 
parameters,  but  it  is  felt  that  ..ther  workers  in  the  field  may  need  an 
indication  of  the  accuracy  of  the  parameters,  and  they  are  being 
reported  here  for  that  purpose. 

2.  THE  CO 2  BANDS 

In  the  report  of  Calfee  and  Benedict  the  2.  7  micron  and  2.  0 
micron  carbon  dioxide  bands  are  identified  by  their  type,  i.  e.  ,  the 
rotational  quantum  number  l  for  the  upper  and  lower  state,  their 
ground  state  energv,  and  an  assigned  band  number.  The  more  usual 
identification  by  means  of  the  complete  set  of  lower  and  upper  state 
quantum  numbers  can  be  determined  from  this  information,  but  inas¬ 
much  as  this  report  is  a  comparison  of  their  results  with  the  experi¬ 
mental  results  of  Burch,  the  identification  system  of  the  report  will  be 
followed.  However,  when  a  state  has  more  than  one  number  only  one  of 
the  numbers  will  be  referred  to.  A  computational  error  has  resulted 
in  the  sum  of  the  strengths  of  some  bands  in  the  listing  being  different 
from  the  band  strength.  The  line  strengths  have  been  computed  again 
to  correct  this  er.or,  and  the  corrected  values  used  for  the  present 
work. 


Figure  1  shows  a  comparison  between  a  calculated  and  observed 
spectrum.  These  correspond  to  an  equivalent  pressure  of  0.  12  atmo¬ 
spheres  and  a  path  of  50.  33  atmosphere  cm  of  carbon  dioxide  at  a 


temperature  of  296*K.  The  experimental  spectrum  was  provided  by 
Dr.  Darrell  E  Burch  in  advance  of  its  publication.  '  The  calculated 
spectrum  has  been  degraded  in  resolution  by  the  application  of  a  trian¬ 
gular  slit  function.  The  width  of  this  slit  is  not  varied  throughout  the 
spectra.  It  is  interesting  to  notice  how  closely  this  triangle  is  repro¬ 
duced  in  the  weak  lines  occurring  near  3500  cm-1.  This  implies  that 
the  true  slit  function  of  the  spectrometer  is  approximately  the  shape  of 
the  experimental  lines  in  this  same  region. 

The  spectra  are  composed  of  many  bands,  mainly  due  to  the 
X-X  bands,  numbers  5  and  15,  centered  at  3714.  76  and  3612.  81,  respec¬ 
tively.  The  spectra  seem  to  indicate  that  the  listed  band  strength  of  the 
former  is  too  small  and  that  the  latter  is  too  large,  however  an  incor¬ 
rect  value  of  the  half-width  for  che  lines  could  result  in  the  absorption 
being  incorrect.  The  value  suggested  in  the  listing  of  the  band  for  the 
half -width  at  one  atmosphere  is  0.  08  cm'1,  but  the  values  of  the  inte¬ 
grated  absorption  shown  in  Table  I  for  each  of  the  bands  at  several 
different  pressures  and  half-widths  indicates  that  0.07  cm"1  is  a  better 
value.  This  is  the  value  used  for  the  calculations.  Work  which  is  now 
being  completed  indicates  that  it  is  the  line  strengths  which  are  in  error 
rather  than  the  half -widths.  The  line  shape  was  taken  to  be  purely 
Lorentzian. 

There  are  several  of  the  weaker  bands  which  can  be  seen  to  be 
in  error  in  their  strengths,  such  as  state  26  centered  at  3527.71  cm'1. 
The  greatest  error  seems  to  be  in  ;  tate  19  centered  at  3580.  29  which 
is  much  too  strong.  It  is  largely  this  stato  that  results  in  the  poor 
agreement  in  the  interval  between  3540  and  3600  cm-1.  The  apparent 
disagreement  in  the  line  positions  in  this  interval  is,  at  least  in  a  large 
part,  due  to  these  incorrect  strengths.  The  blending  of  lines  results  in 
a  shift  in  the  apparent  position  of  the  lines,  and  so  if  the  strength  of  one 
of  the  lines  is  incorrect  the  blending  will  result  in  a  different  amount  of 
shift.  The  isotopic  state  10  of  C120lfc018  centered  at  3675.  1  1  should 
also  be  stronger  than  the  listed  strength.  This  can  be  seen  in  the  lines 
occurring  at  3662.41,  3671.22  and  3655.  15  cm"1.  The  line  positions 
in  the  listing  seem  to  be  quite  good. 

A  similar  comparison  between  calculated  and  observed  spectra 
for  the  2.  0  micron  band  is  given  in  Figure  2.  These  spectra  correspond 
to  a  path  of  330  atmosphere  cm  at  an  effective  pressure  of  1 . 0 
atmosphere.8  The  calculated  spectrum  has  been  degraded  in  resolution 
by  the  application  of  a  Gaussian  slit  function.  This  seems  to  more 
nearly  approximate  the  spectrometer  slit  function  than  a  triangle.  The 
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wavelength  interval  is  great  enough  in  this  spectra  to  require  that  the 
width  of  the  slit  function  be  varied  as  the  inverse  of  the  wavenumber 
squared  so  as  to  keep  the  spectral  resolution  of  a  constant  in  width  in 
terms  of  wavelength.  This  is  because  the  wavelength  resolution  of  a 
grating  spectrometer  is  constant,  while  the  wavenumber  resolution  is 
a  function  of  ‘■he  wavenumber. 


The  stronger  bands  ,  this  region  are  state  38,  centered  at 
4853.  58  cm"1,  at.ite  26,  centered  at  4977.79  and  state  19,  centered  at 
5099.62.  States  19  and  38  are  in  good  agreement  with  the  experimental 
data  when  a  half -width  of  0.  08  cm"1  is  used,  although  the  calculated 
absorption  of  state  26  is  considerably  less  than  the  experimental. 


It  can  also  be  seen  from  the  lines  around  4780.  0  that  state  40, 
centered  at  4807.  65  is  much  too  weak,  which  is  the  cause  of  the  dis¬ 
agreement  in  the  lines  near  4820  cm"1.  This  is  one  of  the  states  in 
which  the  listed  strengths  are  much  smaller  than  the  band  strength 
would  indicate,  due  to  the  previously  mentioned  computation  error.  The 
sum  of  the  listed  lines  in  state  40,  the  state  having  even  parity  of  J", 
and  state  41,  which  has  odd  parity  of  J",  is  14.53  cm/atm  cm  instead 
of  19.40  as  indicated  by  the  ban,:  strength. 

The  Benedict  modification9  of  the  Lorentz  line  shape  was  used 
in  calculating  these  spectra.  That  is,  the  shape  function  was  taken  as 


kv  (v-v0)2+a2 


I v-v„l  £  0.  5, 


(a/-rr)exp(-|  v-vq 
(v-v0)2  +  a2 


|  v -Vq)  >  0.  5. 


The  values  of  a  and  b  were  taken  to  l  a  0.  46  by  analogy  to  the  4.  3  micron 
band  of  carbon  dioxide.  There  is  little  doubt  that  these  values  are  incor¬ 
rect.  The  constants  are  known  to  have  different  values  for  different 
bands.  The  ratio  of  the  pressure  of  the  broadening  gas  to  the  carbon 
dioxide  pressure  is  different  than  is  found  in  the  atmosphere.  Still,  one 
would  expect  better  agreement  in  the  wings  of  the  bands  at  501C  and  5140 
than  is  indicated.  The  use  of  different  values  of  a  and  b  does  not  result 
in  a  great  deal  of  improvement  at  these  wavenumber s ,  and  so  it  is 
probable  that,  a  different  functional  form  of  the  Benedict  modification 
should  be  .,ed  for  wavenumbers  nearer  the  line  center.  This  should  be 
a  function  which  causes  the  line  shape  to  decrease  faster  for  regions 
about  10  cm"1  from  the  line  center. 
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3.  THE  2.  7  MICRON  WATER  VAPOR  BAND 


The  absorption  bands  of  water  vapor  are  much  more  complex 
than  those  of  carbon  dioxide.  The  rmiecule  is  of  the  asymmetric  rotor 
type  which  results  in  very  little  regularity  in  the  spectra.  In  addition, 
the  half-widths  of  the  lines  differ  from  line  to  line.  The  agreement 
between  experimental  and  theoretical  spectra10  is,  as  one  might  expect, 
not  nearly  so  good.  The  variation  of  absorption  in  different  regions  is 
large  enough  that  it  was  felt  best  to  use  two  different  groups  of  experi¬ 
mental  data.  One  group  is  at  an  effective  pressure  of  0.  332  atmosphere 
with  an  optical  path  of  0.0180  gm/cm2.  This  sample,  shown  in  Figure  3, 
covers  the  wavenumber  interval  from  2950  cm-1  to  3460  cm-1.  The 
other  sample  is  at  an  effective  pressure  of  0.  199  atmosphere  and  cor¬ 
responds  to  an  optical  path  of  0.00169  gm/cm2.  It  covers  the  region 
from  3470  cm*1  to  4050  cm-1  and  is  illustrated  in  Figure  4. 

The  water  vapor  spectra  were  calculated  on  the  basis  of  a  pure 
Lorentz  shaped  line.  The  spectra  wer  -  then  degraded  by  the  application 
of  a  Gaussian  slit  function  whose  width  var:ed  as  the  inverse  square  of 
the  frequency  at  the  center  of  the  slit  function.  At  first  glance  the  agree¬ 
ment  appears  to  be  quite  good,  mainly  due  to  the  fact  that  the  spectra 
are  plotted  in  terms  of  transmittance,  which  is  usually  near  to  unity. 

If  the  fractional  error  in  abscrptance  is  considered  the  errors  seem 
much  larger. 

There  is  considerably  more  detail  in  these  spectra  than  can  be 
discussed,  so  no  attempt  will  be  made  to  call  attention  to  each  of  the 
observed  differences.  The  general  trend  seems  to  be  for  the  strongest 
lines  to  appear  to  be  fairly  accurate,  and  the  greatest  disagreement  to 
be  in  lines  of  intermediate  strength.  Another  point  of  interest  is  that 
the  absorption  in  the  regions  where  only  very  weak  lines  occur  is  usually 
greater  in  the  experimental  data  than  in  the  calculated  spectra.  This 
indicates  that  either  the  weak  lines  are  not  so  weak  as  the  listing  shows, 
or  else  the  Lorentz  line  is  a  very  poor  choice  for  the  line  shape. 

The  integrated  absorption  within  a  band  is  a  function  of  the  upper 
and  lower  wavenumbers  of  the  interval  integrated  over  the  equation. 

v" 

Av,fV.,  =  J  (1-T(x))dx  {2) 


t 


If  v 1  is  held  constant,  then  the  integrated  absorptance  as  a  function  of 
v’  is  a  cumulati\'e  measure  of  the  integrated  absorptance.  The  inte¬ 
grated  absorptance  experimentally  determined  and  integrated  absorp¬ 
tance  calculated  for  each  of  the  samples  is  compared  in  Figure  5  for 
the  interval  from  2950  cm’1  to  3460  cm-1,  and  in  Figure  6  for  the  inter¬ 
val  from  3470  cm-1  to  4050  cm-1. 

The  experimental  absorptance  in  the  lower  wavenumber  interval 
is,  in  Figure  5,  constantly  greater  by  about  25%,  over  an  interval  of  a 
few  wavenumbers.  Over  the  entire  interval  of  400  wavenumbers  the 
integrated  absorptance  in  the  two  cases  differs  by  11  cm"1,  rr  on  the 
average,  the  absorptance  in  the  calculated  spectra  is  less  by  0.0275 
when  the  average  absorptance  is  0.  09.  The  experimental  absorptance 
continues  to  be  greater  than  the  calculated  absorptance  in  the  first  part 
of  Figure  6,  but  after  3670  cm"1  this  trend  reverses  and  with  the  excep¬ 
tion  of  ■  .r.nall  region  near  3760  cm"1,  the  calculated  values  show  the 
greater  increase. 

An  attempt  was  made  to  improve  the  agreement  between  the 
experimental  and  the  calculated  spectra  over  a  small  region.  It  was 
possible  to  obtain  a  great  improvement,  thus  the  parameters  which 
could  be  adjusted  so  as  to  obtain  the  improvement  were  not  unique.  The 
values  of  the  half -width  were  not  altered,  although  in  .several  cases 
either  shifting  the  position  of  a  line  nearer  to  a  neighboring  line,  which 
overlapped  it,  or  decreasing  its  strength  could  be  used  to  decrease  the 
absorption  by  the  two  lines.  The  experimental  spectra,  the  spectra 
calculated  by  the  listed  line  parameters,  and  the  spectra  cal  ulated  by 
the  modi  ied  set  of  parameters  are  shown  in  Figure  7,  The  original 
and  the  modified  line  positions  and  strengths  for  lines  having  strengths 
greater  than  l  cm'Vgm  cm'2  are  listed  in  Table  II.  It  should  be 
stressed  that  these  modified  values  give  the  agreement  between  experi¬ 
mental  and  calculated  spectra  shown  in  Figure  7,  although  it  is  not 
possible  to  determine  from  this  single  case  whether  the  proper  param¬ 
eter  was  adjusted.  Spectra  at  different  pressures  should  enable  one  to 
determine  if  the  adjustments  in  line  positions  are  correct.  It  is  definite 
that  some  of  the  strengths  are  off  by  a  factor  larger  than  two.  In  other 
regions  of  the  spectra  some  lines  can  be  found  which  have  strengths  in 
error  by  almost  a  factor  of  ten. 

4.  DISCUSSION 


The  agreement  obtained  between  the  experimental  and  calculated 
carbon  dioxide  spectra  cannot  be  considered  to  be  incorrect  from  the 
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present  state  of  our  knovledge  of  infrared  absorption  processes.  The 
strength  of  the  4977  cm’1  band  would  appear  to  be  about  15%  greater 
than  the  listed  value.  Further  studies  which  are  still  in  progress  indi¬ 
cate  that  the  strength  of  the  2.  7  micron  bands  should  be  reduced  by  about 
75%  rather  than  reducing  the  half-width.  These  bands  are  probably 
among  the  best  known  of  those  in  the  infrared  region  but  from  the  view 
of  using  bands  such  as  these  for  quantitative  work  it  is  interesting  to 
note  that  when  the  integrated  absorptance  from  3664  to  3764  cm*1  is 
70  cm*1,  a  10%  change  in  the  amount  of  absorber,  only  results  in  2.  5% 
change  in  the  integrated  absorptance.  Thus  a  much  better  understand¬ 
ing  of  the  bands  is  still  desirable. 

The  disagreement  in  the  strengta  of  the  "hot"  states  is  of  consid¬ 
erable  importance.  S  >me  of  these  states  are  in  Fermi  resonance  with 
other  states,  and  this  could  cause  the  band  strengths  to  be  altered, 
however  it  seems  more  likely  that  the  determination  of  band  strengths 
by  the  use  of  harmonic  oscillator  approximations  of  the  wave  functions 
is  insufficient.  Because  of  the  available  time  and  the  difficulty  of  pre¬ 
paring  data  for  input  to  the  computer  from  the  reports  of  experimental 
data  no  attempt  has  been  made  to  improve  upon  the  band  parameters. 

It  is  also  understood  that  a  new  version  of  these  parameters  is  now 
being  prepared. 

It  is  easy  to  see  how  the  technique  of  refining  molecular  param¬ 
eters  by  direct  comparison  of  experimental  and  computed  spectra 
enables  much  more  accurate  values  to  be  determined  than  by  the  pres¬ 
ently  used  methods.  The  main  requirement  is  that  data  at  several 
pressures  be  available  for  eliminating  uncertainty  due  to  the  half- 
width.  The  knowledge  of  the  shifting  of  the  line  due  to  blending  obtained 
by  calculations  could  also  be  used  for  improving  the  accuracy  of  line 
positions  of  overlapping  bands.  The  use  of  efficient  programs  for  cal¬ 
culating  the  spec.ra  makes  the  calculations  practical  on  present  com¬ 
puters.  For  example,  about  one  minute  of  time  is  required  on  a 
C.D.C.  6600  Computer  for  calculating  100  cm  1  of  spectra  when  3000 
lines  are  present  in  the  spectra. 

The  water  vapor  calculations  are  not  nearly  as  good  as  those  of 
the  carbon  dioxide.  It  is  difficult  to  justify  the  use  of  the  different  half- 
widths  for  different  lines  in  view  of  the  uncertainty  in  the  l'ne  strengths. 
The  adjusted  parameters  used  to  obtain  the  agreement  shown  in  Figure  7 
also  causes  doubts  about  how  the  positions  of  the  blended  lines  are 
known.  In  a  recently  released  listing  of  line  parameters  for  the  1. 9 
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and  6.  3  micron  bands  of  water  vapor11  an  F  factor  is  used  in  adjusting 
the  strengths  of  the  lines.  It  is  hoped  that  such  corrections  will  be 
applied  to  the  2.  7  micron  bands  in  the  future. 
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TABLE  II 


Listed  Values5 


F  requency 


Strength 


Adjusted  Values 
Frequency  Strength 


3757.  63 

3758.  13 
3758.  40 
3758.  63 
3759. 08 
3759. 79 
3760. 37 

3761. 51 
3761. 64 
3762.  18 

3762.  47 

3763.  69 

3764.  16 

3764. 48 
3764. 58 

3765.  79 
3766. 09 
3766. 39 

3766.  71 
3768. 01 
3768.  66 

3768.  93 

3769. 52 
3769. 80 

3769.  95 

3770.  15 
3770. 21 

3770. 48 
3771. 45 
3771. 68 

3773.  97 

3774.  05 
3777.  1  1 
3777. 97 


2.  05 

16.  94 
18.  21 

7.  36 
295.  15 
1953.  34 
7.  58 
1.  28 
1.  61 

43.  30 

44.  93 
152.  52 

3.  15 
2.  46 

17.  29 
1594.  53 

6.  50 
14.  26 
10.  95 

7.  82 
142.  82 

12.  74 
2.  36 
2641.  47 
47.  20 
37.  88 

1.  15 
433.  22 

78.  28 
26.  13 

2.  84 
49.  24 
26.  15 

367.  39 


3757. 61 
3758. 05 


3759. 01 


3762.  52 


3764.  63 


3766. 76 

3768.  76 

3768.  85 

3769.  75 


3770.  38 
3771. 55 
3771. 62 
3773.  95 
3773.  98 


34.  94 
15.  21 


45.  92 


31.  30 
1902.  14 

16.  26 
16.  96 

25.  82 


2201.  47 
45.  20 


325.  52 
62.  28 
21.  13 

2.  89 
9.  08 

3.  15 
80.  99 


22 


ACKNOWLEDGMENT 

The  absorption  data  for  the  2.  7  micron  bands  of  carbon  dioxide 
were  supplied  in  Advance  of  their  publication  by  Dr.  Darrell  E.  Burch. 


23 


REFERENCES 

1.  Benedict,  W.  S.  and  L.  D.  Kaplan,  J.  Chem.  Phys.  30  (1959) 
388. 

2.  Van  Vleck,  J.  H.  and  V.  F.  Weisskopf,  Rev.  Mod.  Phys.  J_7 
(1945)  227. 

3.  Benedict,  W.  S.  and  R.  Herman,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  3_(1963)  265. 

4.  Calfee,  Robert  F.  and  W.  S.  Benedict,  Technical  Note  332, 
National  Bureau  Standards,  Washington,  D.C.  (1966). 

5.  Gates,  D.  M.  ,  R.  F.  Calfee,  David  W.  Hansen  and  W.  S. 
Benedict,  Monograph  71,  National  Bureau  of  Standards, 
Washington.  D.C.  (1964). 

6.  Calfee,  R.  W.  ,  J.  Quant.  Spectrosc.  Radiat.  Transfer  6^  ( 1966) 
224. 

7.  Burch,  Darrell  E.  ,  Private  Communication. 

8.  Burch,  Darrell  E.  ,  D.  A.  Gryvnak  and  R.  R.  Patty,  Philco 
Scientific  Report  No.  U-2955  ( 1964) . 

9.  Winters,  B.  H. ,  S.  Silverman,  and  W.  S.  Benedict,  J.  Quant. 
Spectrosc.  Radiat.  Transfer  4^  ( 1964)  527. 

10.  Burch,  Darrell  E.  ,  D.  A.  Gryvnak  and  R.  R.  Patty,  Philco 
Scientific  Report  No.  U-3202  (1965). 

11.  Benedict,  W.  S.  and  R.  F.  Calfee,  Environmental  Science 
Services  Administration  Professional  Paper  2,  Washington,  D.C. 
(1967). 


UNCI  ASSIFI  :d 


Security  assification 


DOCUMENT  CONTROL  DATA  •  R&D 


{5#curity  c  leemttic  -i  of  litle.  body  ot  mbalract  and  tniieen.g  ar.notmtion  mutt  bm  en fared  when  overall  report  im  c  tmumitimd) 


29  REPOH1  SECURITY  C  L  ASSlFlC  A  TIOW 

Unclassified 


3  REPORT  TITLE 

COMPARISON  BETWEEN  EXPERIMENTAL  AND  C  LCULATED  SPECTRA  OF 
CARBON  DIOXIDE  AND  Wr  ATER  VAPOR 


4  DESCRIPTIVE  NOTES  (Type  ol  report  and  inctuaive  data  a) 

Scientific  Interim 


5  Al'THORfS^  (Lett  name,  Ural  name,  initial) 

Thomas  G.  Kyle 


*  REPO  RT  DATE 

February  1968 


a*  C  ON  TRACT  OR  GRANT  NO 

AF  19(628)-5202  ARPA 
b  project  no.  ORDER  No.  36  3 
Project  Task,  Work  Unit  Nos. 
t  8662-01-01 
C  DOD  Element  6250301R 
■t-DOD  Subelernent  n/a 


10  AVAIL  ABILITY/LIMITATION  NOTICE* 


1m  TOTAL  NO.  OP  PAGE* 


76.  NO.  cr  REPS 


•  «  ORIOtNATOR’P  REPORT  NUMRERfSj 


Scientific  Report  No.  7 


•  6.  OTHER  REPORT  NOfJJ  (Any  other  numbera  that  n>*y  be  aeelfned 
Pi  la  report) 


AFC  RL-68-0105 


1  -  Distribut  <n  of  this  document  is  unlimited.  It  may  be  released  to  the 

Clearinghouse'  Oepartment  of  C  ommerce,  for  sale  to  the  general  public 


11.  SUPPLEMENTARY  NOTES  I*.  IPONtORINO  Ml  LIT  AR  Y  ACT  IVIT  Y 

This  research  was  sponsored  by  the  Air  Force  Cambridge  Re  sear  ch  Lab.  (CRO) 


Advanced  Research  Projects  Agency 


,  L.  G.  Hanscom  Field 


13  abstract 


Line  by  line  calculations  of  absorption  spectra  have  been  carried  out 
for  the  2.  0  and  the  2.  7  micron  bands  of  carbon  dioxide  and  for  the  2.  7  micron 
band  of  water  vapor.  The  parameters  for  these  calculations  are  taken  from 
published  listings  for  these  bands.  The  calculations  are  compared  with  experi¬ 
mental  data  of  the  same  spectral  resolution,  this  being  a  fraction  of  a  wave- 
number.  The  comparisons  show  the  line  positions  to  be  in  good  agreement  with 
the  experimental  data.  The  2.0  micron  bands  of  carbon  dioxide  differ  from  the 
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